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(PLB 495, 62)

Look for alifetime difference between CP even and CP

odd elgenstates states.
y = E — Geven - Godd
26 Gyen T G

Thefinal state K*K- is pure CP even and K-p* ismixed CP

(we assume it Is an even mixture) then:

y:q!ven_ Qo _ t(D°® K'p") 1

Gunt G 1(D°® K'KY)

S  Study of DOLifetime Differences
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Before background subtraction
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t(Kp) =409.2+ 1.3fs
t(KK) =395.7+5.5fs
and

y= (342 +1.39+ 0.74)% y
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y Systematic Studies N
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3Kid” 3l/s” B-tieor
not = 15/20 bin = 36 fit
variants shown.

y = 3.42+1.39+0.74 %

Sample standard deviation
of fit variantsis +0.63.

t (Kp)=409.2+1.3+7?fs

Sample standard deviation of
fit variants +0.3.

Absolute lifetime systematics
not ready until we analyze

K3p, etc. /
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\ S Comparison of y Results

Experiment y (%0) Lifetime D°? Kp
(fs)
E/91 08+£29+10 413+ 3+4
FOCUS 3.42+1.39+ 0.74 | 409.2 + 1.3 (Stat. Only)
BELLE (Preliminary) 1.16 71 4145 + 1.7 (Stat. Only)
CLEO (Preliminary) -1.1+25+£14 |404.6 = 3.6 (Stat. Only)
World Average 1.77 £ 1.00 412.6 £ 2.8 (PDG 2K)
g T
4c +
2 — i T\/\/orid Average
0
N 9@
2 —
4 =
\_ E791 FOCUS BELLE CLEO -
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S Study of the Decay D®? K*p- A
i (hep-ex/0012048 to be published in PRL)

DPgK*p- may occur through two processes:

or
u d
W/<§ K P
— u
C = N C =
DO ‘' Do" > K+
U U ;

Standard Model predictions for contributions to the relative
branching ratio.

tan*g. = 0.25% 10-8t0 103
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S Monte Carlo Background Studies
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If not dealt with these backgrounds could serioudly bias the analysis.
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To Dea With Double Mis-id

We use atight Cerenkov id cut
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S A New Background Suppressing Fit Method

* Dividethe datainto 1 MeV wide binsin Dm, and fit the D° in each bin.

RO Y, AT A T AR Y, ¢

:
aj 0175 . 0 .
I * Fit D" to a Gaussian.
O o7 S
@ %350

= L
£ 0.165 o T
DI ‘é 30 } + Data
* & b M b’ K Fit
O o i

25 [ KK & xn Reflection Fits
¥ = Polynomial Background Fit
0155 20

015 146 < Am < 147 MeV/c?

0.145 10F
o.14 S5¢
L ] 9 b
: : 5 07‘\ L L L ‘ L L L L ‘\ L L || L L L L ‘ L L \#h\*\*‘*-*\*
ur1ﬁ L L1 L I L L1l I L1 L L I L1 L L I L L1l I L L 11 I L1 L L I L1 11 2 175 18 1-85 1-9 195 2 2-05 2-1
1.7 1.75 13 185 1.9 125 2 2.05 21 1 K mass, WS Tagged GeV/et
a ,

Kp mass

\_ | A total of 80 Kp fitsl )
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S . . N
%\\ Systematic Studies
S 07 R, s stable as the double
S 06 mis-1D cut is tightened.
05 E
ERl |
< 04F
5 03¢ | | | L |
5 70 3 4 5 6 7 8 9 10
Double Mis-1D Cut
) 0.6 -
2 055_ We tested for sensitivity to
5:) 0:45_ possible CP asymmetry.
£ o3F ! No significant effect.
e
s D°
NS /
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\

o Different background fit function
* Different mass difference binning.

S

Systematic Studies

To estimate the systematic error we study several variations

* Etc.

« Vary particle ID cut levels.
e Shift Monte Carlo reflection distributions.

Each different measurement is treated as equally likely and we take the
RMS of the distribution to be the systematic error.
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S Effects of Mixing on R¢

If charm mixing is significant the WS decay rate as afunction of timeis

] xE+y® . 2
R(t)=e t?%cs"'\/ Rocs Y& + =522

%)
With  x(° xcosd+ysind, Vy(° ycosd- xsind,

\

Pm DG _ .
X® —, Y% — anddistherelative strong phase.
C 2C
The measured branching ratio depends on the lifetime acceptance of the
analysis. ¢
L With:
1.2 - v =2%
= X' =0%
% 06 -
W No Mixing
0.2 f_ Destructive Interference
pbe e L T T

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
\ Lifetime (Tp) J
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%;%NU S Effects of Mixing (Continued)

e use alarge RS Monte Carlo to study the effects of mixing

on Ryys

MC accepted

a W(t, x¢ y¢ R, )

(DO ® K+p ) expected _

data

W1 X Y8 Rocs) = 10 BRocs + | Rocs v + 252517

Nmc g

Summing and solving for Ry~ we find...

~

.

Rocs =

yE{L)

2 !x@+y¢2!

(t)=1578+0.008 and (t*)=3.61+0.03

)+ Rys -

£l

- (x€ + yE)t?) + 4R o

Where <t> and <t?> arein units of the DO lifetime.

/

March 10-17, 2001

Jonathan Link, UC Davis

Rencontres de Moriond



E831

\ S R,~s Dependence on 'y h
and comparison to other mixing measurements
SN —x'=00
o Tk ---- x' =10.028
3 1h
20 () § N FOCUS
g 70 NN\ y from
§ 06 00 e Lifetime
= =S M e £ 272 Differences
m 045 EBrrosare L Tt (8=0)
N o,F 10 combined CLEOILV "7~ |
8 “F Stat. & Sys. B R S8
0 i N ! | | N ! T )
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
y
The FOCUS y measurement is only directly comparable
S to they measurements if the strong phase d is zero! y

March 10-17, 2001

Jonathan Link, UC Davis Rencontres de Moriond



E831

S Method for Measuring y (Preliminary!)

Split the data into long and short lifetime samples.

(%)

(%)

08

0 c 1t v v v oy ey by ‘”\M"T”""----r---m R IR T

-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.6 -
04

This suggests a negative value of y' °2f  Pointswherec?=0

(aS Seen by CL EO) S 012 01 -008 045 oo o o om

We get the following Bayesian limits at 95% CL (with X" =0):
-0.124<y'<-0.006 and 0.43%< Ry-<1.73%
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We can also put alimit on X

13 — x'1=0.0
1.6 - — X'I=0.015
— Ix1=0.025
1.4~ — X'1=0.035
x'1=0.045
12F
1 —
0.8 -
0.6
04| A
- Preliminary!
0.2 -
0‘ B 1 | 1 I | 1 | ‘ 1 | 1 [ | 1 1 | | 1 1 ‘ 1 1 1 I 1 1 1 I L 1 1 |
014 012 -0.1  -008 -0.06 -0.04 -0.02 0 0.02

By integrating the | iykel ihood over all

alowed values of y" and Ry,
we obtain the limit

X' | < 0.039

\_ atthe95%CL.

~
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S Future Mixing Studiesin FOCUS A

« Semileptonic Wrong Sign Decays.

No DCS backgrounds, but no interference
enhancement. Expect R ., sensitivity around
1.6x103.

e Full Lifetime Analysis on DCS Decays.

Better statistics and lifetime resolution than
CLEOQO, but worse S/N. Include more modes

like Kpp® and K3p.
e Lifetime Difference with CP odd States.

Involve decays that interfere with CP even
states on the Dalitz surface. Experimentally
difficult (K5 and p®) and rare processes.
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S Conclusions

e Direct measurement of y=(3.42+1.39+0.74)% from lifetime
differences.

e New measurement of the branching ratio D°gK*p-normalized to
D%? K p*(Rys)- Inthelimit of no mixing thisisjust
Rycs=(0.404 + 0.085 + 0.025)%

» Placed this measurement in a physically meaningful context for the
case of significant charm mixing:

~ F
é\i- 1.2 x' =0.0
1 FOCUS
- e y from
mO'S - ~_ Lifetime
20.6 Differences
- = % (5=0)
04 Errorsarels
0.2 - combined stat. CLEOILV
f | and sys | | | | e |
0 B | | | | | 1 1 | | ] [ L r—
-0.06 -0.04 -0.02 0 0.02 0.04 0.06

K y /

March 10-17, 2001 Jonathan Link, UC Davis Rencontres de Moriond




E831

S

(%)

1 E791 K'lv
[ cLEOK'n
[ 1 FOCUS AT
[ ] FOCUS K'n
Preliminary!

Range of
ynoty'

-10

95% CL Regions

0 5 10 15

\ X' (%)

Conclusions (continued)

e Used this measurement to study

limitson X, ¥y and Ry

o Thelimits are consistent with
the negative leaning y” from

CLEOI1.V.

The FOCUS and CLEO mixing
measurements suggest two scenarios.

1. Thereisy-like mixing of afew %
and a large strong phase d.

2. The recent mixing measurements
are fluctuations and there s no
mixing at the % level.
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